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(57) Abstract: An oxide material which comprises a 
pcrovskitc or layered pcrovskitc type oxide and a catalyst 
material containing one or more Group IV elements 
selected from the group consisting of Si, Gc and Sn and 
having formed a solid solution with the pcrovskitc type 
oxide. The oxide material permits the crystal li/aion of a 
pcrovskitc or layered pcrovskitc type oxide material at a 
reduced temperature, which leads to the retention during the 
processing thereof or an improvement of characteristics of 
the pcrovskitc type oxide material. 
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-y^^^h (Personal Digital Assistant: PDA) ^FCDSI^^tKcDIS^K: «t K) , 

20 4~ 2 5 6 kbit <^/h^*fD^^ 0 n D^^tl,-CV^^i§#Vj;VN o &flg 

S^^-ijsf g#^.^x.-51*S^fc*(cgSMm^^^ y CD Mbit ^ 

^|c{feffi*^TV^5^^^ift^y>=^lfc«&(PZT; PbZr x Ti 1 _ x 0 3 )'<n:/ 

bm&mnmt&iwoz)* 3 * ho^v ksbt; 

25 SrBi 2 Ta 2 0 9 )St>*La * K-/t 5 I ^ t'-iW^^^t ^5 tr*^*?-** 
— h (BIT; BiJijO^OWWfcSSBlRmtM*** (BiA.-,B.O ta+J ) 14, -«Kl 6 

oo~8o o°cmJtcoffim-e*B#^^^i-s^^* 5 fo2) : m^n.m, 

tt 3=- 1**8 ED97-208(1998) p 25-32, fcTHHfe : flT^tt*. *R 

iifflt5jfc# % ED98-242 (1999) p 21-26, ill P jEft : r > ]) 3 ^g«±~ © ^ * > 

(1998) P 39-47) . © J: 3 *B*IW©tt*fc;W:, 6 
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^Sfjfe^n-t^, Mx.ll, SiO,'<y a ^* + /<'>?»IISf"e© 

^xj&^fc^A^v^ k ^lltt&iii** k k i>K. t&m'&v 

*^££*i&ajfc#*0>[ie>o#«rffi< ikj&sfcs. $ fern, a^^^^^i* tb 

}±n Hjg (tfijxtf, BIT, SB T©^ n * d b*l#) © 

ifg -fb © fc toco ffi V^^,?l.ii lc fi E b -C , ffi.Mj&X8 K t t-r a 

0iJ;U±\ PbZr0 3 R3ft«m#:k PbTiO, k © H**^S> 5 P Z T tt, 

±*Ttf*fc*©aW£Mfc*Hft-f**:»fc»*» 6 0 0- 7 5 Oti©&J*tfi£ 
j&Sj&Kk $tb(+«-#:fS^a«l,m^fl?«liffifflr^xED97-208(1998) p 25-32), 

30 SS**0*lw»^**5. 
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t'^-7^1^^^§t^m^tt-^-e$)5 S B T (SrBi 2 Ta 2 0 9 : 

m=2) oiS^fi, P t«H±T-i o 1 2 m co^OM LSfetfei^L/j; v^-tiN-t 

£ <9 , ^I^SI*?^:!^- (K. Aizawa, et al, Jpn. J. Appl. Phys. , 
39(2000) p 1191-1193) LjW»b*bi\ 3MKT?tti*i*MIHtS (iSHMfc) 

10 SBTIt P-EtXf!J'>^«mCMtttl.5A^m 

S&K:, s BTM\ *tftlb©fcJt>©fi*©teT#HJ*^fc5. SB 
15 T«r»*^-rsfc«>K:ti, 8 0 o'CCiKiattJfcSrfr 5 t\ 65 otlS©tt« 

«j<s«"T?5a#iBt,oD«B*nii«rifcftfi : 5j&» (»B^se«i :«*s*. 

ED98-240 (1999) p 9-14), M#£*a*^fr*T 2 IB!«T?&/d6-r 5 (# 
*-ftJte : m^tt^iiff^^, ED98-241 (1999) 15-19) #ifc#W# 

i£$=. La £ K-yt5r *t?, *©i|iilMb (ftjft) fi&&4£»£-frS:frifc 

#«*£;H-C*5 0 , :0*ftCttfflSft5WH-CBIT (Bi 4 Ti 3 0 12 : m=3) 

*»«rtt#Aff-e, mm&m (Tc) i5 6 7 5ttiK, HrtB.T?#?l?tc5&lfcfc*r 

25 Wt££^-r„ 

U^b, ^©#11*1? t, 6 5 0 , C•C'lilKiV^?|!iIIi5 i e;<It'fe5 o £o 
T, «**t»tJl*»36»5Aa»±*#V , » (B. H. Park. B. S. Rang. S. D. Bu, T. 
W. Noh.J. Lee and W. Jo, Nature 401 (1999) p 682) . 

^#«±S)t«r«IS: (1998) p 118-140) CI <t "C$3 D , S B T <t IsUSHc , MMitfr 
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ED98-245(1999) p 43-49) ) D 

^M^M^StfM&^o *<Dtz#>. ftflgtt#&' 1 0 0 n mJE*T©?*l*fc. 

il5£#ffl«fe»»m«rtt^^fk-r5 (Y. 
Shimamoto, et al, Appl Phys Lett., 70 (1997) p 1-2) „ 

3 ^«jc,WA,ll[*#BBft^**rs<»ro»»l«{*#**©W*^b*fT*>iT»5. 
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f^ft^o^^*^ M (ABO3) -cfc* P ZTtt, =1 

»««(*:«-#* (BiA..,B 11 0 ta „) T'fcS S BT&t>*B I Tfi, *E*r 7 * n 

# is -e fe 5 fc * $ jk ft # is m -e fc 5 r t m , m « » -e* * y ^ - <*> j& m # * 

fc*3, _t IB Oolite, 9&W«ft:*t#5|-©3>-fc bi\ SrRu0 3 -<n yxXJ hW. 

15 sitrww^DR AMffiss^m^y- hmtmt u-ramstu-cv** (Ba, 

Sr)Ti0 3 ^ SrTi0 3 4$©^n:/;*;W hffiikft*«-*H!:oV^-C t> W«|t»«>6« 

id .fcfrbfi* Li, Na, K, Pb, Ca, Sr, Ba, Bi, La, Ru, Fe, Ti, 
Zr, Cu, Nb, Ta, V, W Mo 5> ft b94R $ tb5 2 3t^_bO&JB T/W 

a^-> KXIitftifi^^Lt^S^o^^*^ HXttJl^-^P :/;*;#.1' 
^^J&Kftife7^2/£ffl<^' , >'^^§fl££ , Ca, Ba, Pb, Zn, Sr, Mg, Fe, Fe, B, Al, 
25 In, Y, Sc, Sb, Cr, Bi, Ga, Cu, Mn, Zr, Ti, Mo, W, V, La, Ce, Pr, Nd, 
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb Rtf Lu ri> h ft biS*R £ ft>% 

llEiiCMt Si, Ge&tfSn ft> h ft 5> m b MIR * n a 1S»±©IVS 

30 ft 5»<b**m©l^#*a s *tfc£ft*- 

* fcfc, #$8WI~ ABO,, (BijO^'CA^B^) 2 ^*, A »* Li '^ Na *> 
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K\ Pb 2 \ Ca 2 \ Sr 2 \ Ba 2 \ Bi 3 \ Y 3 \ Un 3 *RXf La 3 ^ h ft 5 « ^ * £ 

l«Xr± 2»£*_k©>f B 14 Ru 3 \ Fe 3 \ Ti 4 \ Zr'\ Cu 4 \ Nb s \ Ta 5 \ V 5 \ 

Wi^icT*fc?) 0 )^ LnBa 2 Cu 3 0 v , Z 2 Ba 2 Ca n . 1 Cu n 0 2 „M X tt ZBa 2 Ca B . I Cu B 0 an+3 (Sfcfs 
5 Ln fi Y, La, Ce, Pr, Nd N Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb »0« Lu 

^b/i*#*»e>**i**b5 iiXli2i^±©^ty > zi4Bi, TiRt)fHg*» 

f>/i5il?i^I«*Ji5 1 ftXJ4 2l£i±©^ n J4 1 ~ 5 OSMtfc 

^i-Sfc^^^fi-^^J^^ , CaO, BaO, PbO, ZnO, SrO, MgO, FeO, Fe 2 0 3 , 
10 B 2 0 3> A1 2 0 3 , ln 2 0 3 , Y 2 0 3> Sc 2 0 3 , Sb 2 0 3 , Cr 2 0 3 , Bi 2 0 3 , Ga 2 0 3 , Cu0 2 , Mn0 2 , ZrO z , 
Ti0 2 , Mo0 3x W0 3 , VAX^'^^?^ K*fc**» 6 ft fr* 1* 

^k±.<Dm. J itmb Si0 2 , Ge0 2 #.T/ SnOt^bftSW^feSB^SnS i msi±o IV 

jfciSft-CfcjilcSfbS*^ fc*v*tt¥*fM£*-fcK: % J:E*ft«^»a^» 

20 121 ?K£> ram ft tans 

12liBS OjgfflU BITiSfftXtfB SO-BIT»^**©**^*f (TG 
— DTA) M^t^77t'fc5, 

i3«BiT-B s om^mmR-^BiTmm^^n % e dx^?->«:s 
25 ti -e 5 = 

HI5I4BIT-B SO»'fr#*«rfflV^-CritilUfc»'fr«J (a) 
4tmW&m<DXRDs<?->. (b) ttftte»©IMfe**mi*©XRD'<*- 
30 ^, ( c ) B S Om&k BITgf ^ &3i52U:fc*& L.T jfctt L 
(DMikWimM(D XRD — v?r^1-|ElT*fc5o 
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12 6 (a) liBIT- B s oWL&mfc* S&mfci-hie:^* LfcWr&WtMfr 

^-fnu (b)(±B s omm t Birmm t z&^^mft ^tcWt&vvtm&TF-t 
m x & 5 o 

m7 (a) iii6 (a) xm bntcmfcmtnm<D fc * X y 
5 ei, (b) fin 6 (b) x-#6;ftfc^te^wj]gw t y ->^#t4«r^-rm 

fc<5 0 

m 9 (i PZT y'/Py^^^l^MOfcit)©^ n— ^-ir — hEIT'foSo 
10 13 1 0 (i BSO y ;vm&mU<Dtz.$><D7 * —3- ^ - h$iXhZ> 0 
@1 1IJ SBT y/V^'/W^^lfia^^fc*©^ n — ^--Y— M2]-Cfe6 0 

012 {±7Xr9-^i& X) AthtcwM^m^m^^xm^it^tc^^cDmit^um 
m<o xrd — is&m-tmxh&o 
mi 3f4!ii 2 (D^^te^^fJii© t y v-^#'i4«:^-rii"efc5c 

15 m 1 4 (IB I TSM^WB SO-BIT (R=0. 4) tf> XRD s<?-yXh 

11 5li MJi 3 Q l2 RTf*&W^£Z> Bi 2 SiO B mn Bi 4 Ti 3 0 12 (R=0.4) (D^^b 

m 1 6 tt SrBi z Ta 2 0 9 S.t)« Bi 2 Si0 5 » SBT (R=0. 33) »BI, PbZr o . 52 Ti 0 . 48 0 3 
20 Bi 2 Si0 5 ^AP PbZr 0 . E2 Ti 0 . 48 0 3 (R=0. 1) Wm<D XRD * - ^ T? fo 6 0 

117(1 Bi 2 Si0 5 M Biji 3 0 12 (R=0. 4h Bi 2 Si0 5 SrBi 2 Ta 2 0 9 (R=0. 33) 

S.t/Bi 2 Si0 5 ^P PbZr o . R2 Ti 0 . 48 0 3 (R=0. 1)#MC0D-E t * 7 1 V i/*'ft®iXh?> 0 
Ml Sit Bi 2 Si0 5 gjsAP Bi.,Ti 3 0 l2 (R=0. 4) . Bi 2 Si0 5 ftsflP SrBi 2 Ta,0 9 (R=0. 33) 
Bi 2 Si0 5 » PbZr 0 . 52 Ti 0 . 48 0 3 (R=0. 1) mm^mM ftftfe Sr*i-Hl X fc 3 „ 
25 S] 1 9 BIT (D^ B B B*it^*-riHt?fc5o 

12 ott bso cojjgiiiin^&^l-Hi-efe £„ 

19 2 1 tt BSO t BIT CDSte-^it&^-f lar-foSc 

H 2 2 te*mWi- X £ Pt/BIT/Pt * -Y v- * & 3 %H 2 Sr^Lfc N 2 * X* 

4oot:T-T - — )v i^t-m<Dm7Gwm&7F-fMxfo% a 

30 1 2 3 H*3§BJUC <fc5 BIT+Bi 4 Si 3 0 12 , BIT+BSOM&tf BIT&M© XRD ^ ^ 
~ > £- i:b$fe b fc El T* &> & c 
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M 2 4 {4*3£BJim 4 5 Biff lOOnm CD Bi 4 Ge s 0 12 -Bi Ji s O ia 5fttt«#1tf JK© D-B 
El 2 5 {4*58 Km 4 5iJI lOOnm CO Bi 4 Ge 3 0 12 -Bi Ji,0 l2 3&t^ffift:?$$l<£> 10 10 
5 |26 tt*36Wm«t SKW: 25nm~100nm (75 BSO BIT BSO » SBT 

HI 2 7 li^c^i^ J: SlKff 25nm~100nm © LSO fSflP BIT LSO SBT 

©p-e k^f y ix**H£-cfe «9 , «*bmw>!)nmjE«:^ ufcia-cfcs. 

128 tt*3SWm 4 S llSSff lOnro C9 BSO tS*P BLT (DP-E t^fy S^^ttl? 
10 fe «9 , «*fcfcBl*q*ffi*r*U*:BI"C*)S- 

129 *3£§S [liS LSO flSfta BIT R=0. 4 (BSO=0. 2) (O BIT §1 <D XRD 

— vSr^ri" Ei-cfc So 

Hi 3 0 14*36 IE m 4 S LSOgS^P BIT »It\R=0. 2(BS0=0) v R=0. 4(BS0=0. 2) % 
R=0. 8 (BSO=0. 6), R=1.6 (BS0=1.4), R=3. 2 (BS0=3. 0) t 3Hb & * fd <7> , t 

15 y i/^^ttogE-fkSr^-t-m-efeSn 

in 3 i s b s omtop z xi#fln-e. r=o . 025-0. 2<d? 

z ti^cd xrd s<# — v^^-rnir*&s„ 

i3 2(4 El 3 1 fcJF-f-JilK© fc y f *#tt&^i"El-CfcS 0 

0 3 3te&mmm%}nt bit i<7>ia^{*^j!!i<a3$^m#tt&^i-E]T-;fcSe 

20 111 3 4\$&mMm%)Wk SBT fc©|S*#*l*©»»«^&&*i'ia^*>S. 

EJ3 5 (4 M PZT fc <^Il^ff»Bl©3S^m#teSr^i-[llT'fcS 0 

El 3 6 {4 BSO-BST (R=0. 2) Hffflttf)«fc#&&*-**ElT?4>So 

El 3 7 i4 BS0-Bi 2 Sr 2 Ca 2 Cu 3 0 x (Bi2223)^^tO XRD /< 9 — ^ & EI T? S „ 

El 3 8 (4*^BJ^^'fb^*l'*4^ffiv^/c^^ : •Sr*i-1al i l&K^fffiEl-e&So 

25 El 3 9 f4*3§K<£> BIT-BSO XRD ^ — is £ ^1"E1 T* fe S „ 

04 0 (4 El 3 9 <7>®Hb^*mHil£ffi v^fc^^ t -(73^^' — K 4**8- BIT? 
feS 0 

El 4 lf4*5SK<£> SBT- BSO ISA 05 XRD ^ V^r^"t"EI"t?fcS 0 
El 4 2Rt/H 4 3 (4 El 4 l © ttte * # *M* 4: Jl ^ 9 fi?xf<D h 7 v 
30 v?^^#tt5r*tit'fc^ 0 

% £ ^t£-r S & co^Sc A co9f^ US 
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lc. Si, Ge Rtf Sn *» fc £ ft 5 ltW© IV & 7G * «: *T 

5 fete, ^MT-<£5MrifMfc&ll^.-?-5- 5c 

3M8 9Uc*3V*-c, ^o/^*^ bXiiJi#^t3 HHitSMMfeli* ± 

^^•6ft^ft^*^5= #lx.f2\ AB0 3> (Bi 1 0 a ) I *(A.-iB.0 3 .*,) 2 , LnBa 2 Cu 3 0„ 
Z 2 Ba 2 Ca„_,Cu n 0 2 „-4 X \t ZBa 2 Ca n . l Cu 11 0 2n+3 « * ft 6 »f h ft 

10 So 5£<K A » Li\ Na\ K\ Pb 2 \ Ca 2 \ Sr 2 \ Ba 2 \ Bi 3 \ Y 3 \ Mn 3t & 

t/ La 3i ^b&3t¥^b5!l*R£ft<5 1 1XH 2«£/._h?>-f B 14 Ru 3 \ Fe 3 \ 

Ti 4 \ Zr 4 \ Cu 4 \ Nb 5 \ Ta 5 \ V 5 \ W»*&U« Mo 64 *» & 5 b 51^ £ ft 6 1 « 
JUi 2 5»£iLJiW-Y Ln fc£ Y, La, Ce, Pr, Nd, Pra % Sou Bu, Gd, Tb, Dy, 

Ho.Er^TnuYb&t* Lu ^^/^^^HR^S 1 IX tt 2 « fit _k © V . 

15 Z tt Bi, Tl Hg !5>P,45«^e)liR*tl* 1 iXtt 2iK±©^ » 
tel£t_h<D|HM, n!±l~5©SMT'fc5 0 

25 sbt^D^x*^ h#3ftll'fb'*o'<SftW*©fc ^ ^ fcfc.lMS*** 
^tlccro^p^^*^ hXfiH^^p^'^*^ MSlt^^^i^ 
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(1986) p 74-78), fcflSJH T* * 5 , 

CaO, BaO x PbO, ZnO, SrO, MgO, FeC\ Fe 2 0 3 , B 2 0 3v A1 2 0 3 , ln 2 0 3 , 
Y 2 0 3 , Sc 2 0 3 , Sb 2 0 3 , Cr 2 0 3 , Bi 2 0 3 , Ga 2 0 3 . Cu0 2 , Mn0 2 N Zr0 2x Ti0 2 , Mo0 3 , W0 3 , 
V 2 0 5 XT/ 7 V* y >f KK'fl2l*J#*»b*5»*>b»W*tb5 1 «&±<Z>IIMfc4fe 
4: Si0 2 , Ge0 2 RXf Sn0 2 ^^P,^5P^?j3S^$n-S 1 SJ^JhO IV 

Sfc, « ^iMfc* ^iftiUS. X 2 SiO s , X 4 Si 3 0 12 , X 2 Ge0 5 , X 4 Ge 3 0 12 , 

X 2 Sn0 5 £.t>* X 4 Sn 3 0 12 (5£<K X{*Ca 24 \ Ba 2 + % Pb 24 \ Zn 2 + , Sr 24 \ Mg 24 \ Fe 
2 + . Fe 3 \ B 3 \ Al 3 \ ln 3 \ Y 3 \ Sc 3 \ Sb 3 \ Cr 3 \ Bi 3 \ Ga 3 \ Cu 44 \ Mn 44 \ 
Zr 44 \ Ti 4 "\ Mo 6+ \ W 64 \ V 5 ^ La 3 \ Ce 3 \ Pr 3 \ Nd 3 \ Pm 3 \ Sra 3 \ Eu 3 \ Gd 3 \ 
Tb 3 \ Dy 3 \ Ho 3 \ Er 3 \ Tm 3 \ Yb 3 \ Lu 3 ^) "P* * tb 5*t*H»A s *»f b tb*. 

$ 6 KLJMfcBjfctt, Bi,Si0 5 , La 2 Si0 5% Y 2 Si0 5 , Bi 4 Si 3 0 l2> La 4 Si 3 0 I2> Y 4 Si 3 0 12 , 
Bi 2 Ge0 5 , La 2 GeO s> Y 2 Ge0 5 , Bi 4 Ge 3 0 )2 , La 4 Ge 3 0 12 , Y 4 Ge 3 0 12 , Bi 2 Sn0 5> La 2 Sn0 5 , Y 2 Sn0 5 , 
Bi 4 Sn 3 0 12 , La 4 Sn 3 0 12 , Y 4 Sn 3 0 12 X \t 2 « £k _h © f& & X* 5 Bi,-,La.SiO, % 
La,., Y,S i 3 0 , 2 ^ 36S ^ if h tb £ o 

Fdxtf, ^ mis* t -> y =3 >m.fc%> b <D 1 : 1 ©fc-g-fMb*.*, 
Bi 2 sio B T- 5 # , Bi 2 sio 5 (i4 o o t C*i*tf>lg;?a"C*±,fMb-r zmtVotffflr-cb 

•5 (M. Yamagushi wt al. , Proceedings of the 2000 12th IEEE International 
Symposiumu on Applications of Ferroelectrics. , 2(2001) p629-632))„ S 
fc, Bi 2 Si0 5 r±, *3*'t-5*<fc4bOKfc^^t* ; 7-«E'frtt^Jll#J!Cfc»e>. 
S5luK»lrlStat*llffi^S^?)wt^-?t5. *fcs BijSiOB^© SiO a l±4 

WHzwmtDm* fcSvMi, tt-T-IHH^BiJfllJW^jSSJW.lH-Wfc^ 

J: *«at%*i-5. **** Htt^cr^**-* h«Ji©»^» 

<&Bi8**:-efc^w i ti4**nT?fe* (Carlos A. Pazde Arau jo : §fc®?m# > * V 
v , ^ =£■ ? * ~ 7 J* (1999) p 35 - 43) D LfcjScT, *IS 
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mw^vy^z^ bm&mk&zffii&-rz>®iM s fe**(DWi'f si 4 \ 

hMMIi^MtSiiAB^o + ^l- Si 4 \ Ge 4+ Xtl Sn 44 £"£tf# 

iCffc Si 4 \ Ge 4+ Xf± Sn« i S:'£tfW*S|--Cifc*bti ±V* B 

^l^tv^liSIAigftro^-bo^ Si 4 \ Ge 4+ X« Sn 4i KlJ;oT« 
X.f4\ Bi.Ti .O,,©*^, T i £ 0 . 1 flBO S i T'g&bfcB i 4 T i 2 . 9 S 

i o.iO l2 x-mM i 4kM.m<Di&u&<Dmm&min. Ti&o. sios K-tti 

fcB i 4 T i 2 . s S i 0 . s O l2 X'l*& bi£n%ft&&<D&W&mit>h frlZZ. k fob, 
l^fefeN. £ b 0. sfflg&asajfctf btbS„ su<c> 

*-t-5tt«E»Sf t* s , 1:0. 0 l~5gj$, #*L< ttl : 0. 01-0. 
8flJt, 1:0. 0 1—0. 65g^. 1:0. 01 — 0. 5 @£ cD^/VltT'Il 

5 0%MT, 4 0%e«&T, 3 5%M^T, Si 4 \ Ge 4+ Xf± Sn 4i }d <£ 

-c, tesfln?-, ■k3HABS«co4S-«ii«-r^-^©-<*^ a i t ffit'#-fsw#si 

dixi43K*^«t t laotSJn, £5&^$C t=(R A +R 0 )/( 2(R a +R 0 )) 
j&s, 0. 8<t<l. 02 ©$&!StC#£Ei-5j&SaSfc5o 

(Bi 2 0 2 ) 2 *(A-,B,.0 3B , 1 ) 2 -, tf^^^S^^n^^^-C h & 

0.81<t<0.93, (m=3 CDmS , 0. 83 < t < 0. 91) „ m=4 0.85<t 
<0.89, ra=5 tf>#-£\ 0. 86<t<0. 87 T'fe *) , ■#*#<45Ktto'C t 
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stm^om^^s^mn^rm^^^^, 456(1994)1-8)0 &*5, m=3 ©Most 

mm t {41Bi|ife£nT^& Wcfc, m=2, 4, 5<D*/h, <fc <9 , H 

PZT, SBT, BIT K&^T, t & S T (4 * 3 b , fe&fe*. M*Ll4\ 

g?^A®#:cD*'5^ Si^T*Sttx.5i^, t {4, ^Hftl PZT : 

t=l. 10(A), SBT : t=l. 09(A), BIT : t=l. 04 ( A) t 9 , ^TfP^tSSS »C g X 
tt^fcfcV^ fc*5, ^tb^tU^-r ^->^fS(4 0 2 - : 1. 26(A), Pb 2i : 1. 33(A) , 
Sr 2+ : 1. 32(A) , Bi 3 *: 1. 17(A) , La 3 *: 1. 17(A), Ti 4+ : 0. 75 (A) , Zr 4+ : 0. 84(A), 
Ta 5+ : 0. 78(A), Si 4 * : 0. 40(A) b Shannon (1976) b Prewitt (1969,70) 
XZmm&M *^¥&&%\>\ PZT Oi5fti*#0»*, Zr/Ti=0. 52/0. 48 
ftOT?, 0. 84x0. 52 + 0. 75x0. 48=1. 18(A) t ^pi&it Sr it Is *£®k b Lfc„ 

Bi^ h^^^i LT Ti, Ta, Hf, W, Nb XI4 Zr L»S £ i 

tbTV^V^H^fF^ 5 5 1 9 2 3 4 -§-75>b fc Pi t? fe 5 . 

K:te,Si0 6 8 -,kv^ 6Eflfc©AlEfl£fl*3tt& 5i&S#2b5#, I Vi&T^fi, 

iattssc^ 4 -cab 5 , fcijfctf* sio 2 (sio 4 4 -) t ^ 5 mmfammz t 3„ u*» 

fc, ±MO 6 0 0 kmiT-?^ H^JftftJlSSlt 5 2 0 G p a (200000 *CJE) 
W±cO^EETt*{4, CaSi0 3 ^ MgSi0 3 ^CO-<n y^^-Y h ffifett 
^Ei" 5 (S. K. Saxena et al. , Science, "Stability of Perovskite (MgSi0 3 ) 
in the Earth's Mantle", 274(1996) pl357-1359) & , i 5 ilEi^T 

£i^T-f4 I V^7C3?I (S i, Ge, Sn) <D 6 ffitefllat L * V % - 2**0 

c, p b Em (Cfi-f £1-^. Pbii-f*y*fti J **tf?5.) 

OIVi^TC* (S i, Ge, Sn) £SJ« £ «*M"5 &3 
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Sfc, ^uzt*H4 hXiilt^P^^*^ h^jt^-fk^ti. 
fe«3fcai>fc*# fcB^*/^- (tflfifcfflJ*) fejfi5>«i:i-5**, rifc* 
/V 3 s — f± i& < T (T. Kijima, S. Satoh, H. Matsunaga and M. Koba 

"Ultra-Thin Fatigue-Free Bi 4 Ti 3 0 12 Films for Ferroelectric Memories" Jpn. 
J. Appl. Phys, 35(1996) pl246-1250) o ^t<DltHbs «l*#>St£ffiVN 5 - £ 

ijx, igflT, -<u7**4 hXltmtk^vyx*^ h#31»^*»/*ffiy>H»* 
&^*Ti*EIBl£&^*r Si§^<0&Jifeffl.#£ D {£v»i&£, PbZr 0 . 52 Ti o .., 8 O 3 
(PZT) 4 5 Ot^b 6 0 OtSlt, Bi 4 Ti 3 0 12 (BIT) & Xfi 

Bi 4 - x LaJi 3 0 I2 (BLT)©^-g-, 5 0 0ti>?> 6 5 OtlS, SrBi 2 Ta 2 0 9 (SBT) GO^k 
5 0 OlC)5>e> 6 5 0"CSit*#»f 5>tl5. 

^100 n mu*ToKff-t?*±epAn«JM J y -*msfE£ ft D , mk%0ttPr<Ol& 
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htoitSKkft (fci*.tf, bit**) ^»wfi<jfc:^fiK-t-5. w# 

roRjCttSfeJfefc^UTV^*. Si0 2 UftGe0 2l 

SnO z ) {4 4@BfiT-fci9^^X*fc5„ ^ LT, |feft«*S^ * 

ftftrottM^tics/y iv £55 ft It 

otl±, #J;U4\ Bi^TiaO! 2 £ Y 2 0 3 - Si0 2 t *HSF$*"C, ^ p 7 X $ 4 h 
W ^-><b Srrai* *»«Jtc: (Bi. Y) 4 (Ti, Si) 3 0 12 S:f5: 

mnm 1 : Bi 2 sio s cbso> oftfc&stt 

y h (40 0<C) ±-<?«#£l&* U 10 0 nmOB SOfl^f^ 
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?*£-tirfc„ Z.<DV$ > BSOiSl^iD Bi 3+ ^T TTk^^^T? Bi (OH) 3 

£fc, 10l*%O Bi 4 Ti,0,, (BIT) 10H%©BSO»jft 
&T>*B I T - B S 0»-&S5^ (B I T 1 ^;W£*f L B SO^O. 4 £ ft 5 «fc 0 
5 {djS-a'Ufcffl^* : R=0. 4) ZZtlZtlM^X, 7j^?&#tfT (TG-DTA) 

m 2 cfctUff.B S Omt&tf 3 5 0 ICM ©{St/* ft -ft tTV^ d t 

as#a»5 0 B I T^^J±6 0 0t;#£li:Ml^n- Kft^ftte t 0 -* 
T*5 9 , iHblK < V>Cl£ 3. BIT-B SOl^lt 4fBS 

10 OOfc© tSfctuS 3 5 0t;#3S©k°-^t^l/^, 4 0 0 "CS£ (C BUflfe fcjs 

/SK «fc 0 , B SOOSffiTB I T ASfiaTflSfli'fbLfc'bO^fcS. 

m 2 Kfctt* TG — h firJttt Lfc t r. 5, B I T^^O^-g-fi 8 
0 0t;tt1l^tit^i'>t5 o B I T - B SOl^MX'll £ 

15 f«'>l4 4 0 0<C£ T*#:*# < , **l,&«f±J&i?3Efk;#fcV^ BIT 

-b s om&mmz.s$^x. b-s o lt^i it, 4 o o'ceiT© 

~- 1 U \ t £ * fc tc T? fe 5 o 

fc*3, IH 3 tc^bfc i5l:,BIT-B SOMiStfB L TfcJKSrfl^ 
20 T^LfciiOEDX (Energy Dispersive X-ray) # #f L fc <t ^ 3 > BI 

t-b s om&tem&m^itm&\cftMn*\z&x<z>&i*ti*&£ A/^&< * 

W_h<fc<9, IV JJg^ifc^ttttttft (BSO) v> 3 c i tc: «£ V) % Jf^-< 

o -f^m hffimmk&) (bit) tc*3v>-c, ^a&m £M-r£ 1 1 

*i\ 5 11%©B I Ty/V-y/U»ffifc Hi°/o©B SO^^ti * 
ZK^UTB I T-B SOffi-^igfR (R=0. 4) £!I§!iL.fc 0 £ OH^a-fr* 

30 ^OjR-frWfKSrJBV^-C* ®* tf^n- h (500rpm T* 5 S>M 

-»4000rpmT-2 0»M). ©ffc# 50t T* 2 # fUL <3ME*£fifc <**f, 
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400 o CT- 5 ro-iIg^4@i9SL, If «r 1 0 0 nmt Lfc„ r <D 

U<om\%, [215 (a) \Z.tf Lfc «fc 9 B S OW^Mi'fcLfc^T'fc 9 , 
1216 (a) Lfc <fc p IC, LfcB S 04:7*;V7 7 * B I TflS^l 9 ffl 

5 ®mi& m&it) (600^, 15 lkg/cm^Slg^t-ORTA) 

©/tf* bT~-/U (500*^ 5^K, 2 kg/cm 2 ©iltt'ORTA) 

10 B SO^^CDSMt: 0 — ^^^^tC^^LTV^yt,, 

ftbthtcmfc®tt*&Wi<Dt 7.7- y l/c t r 1217 

fc*5, Jfctfc©;fc«>K:* 5lf%©B I T //v-yVi^^t 111%©B SO/ 
Sr-ttu^ixWjKU, 121 6 ( b ) (c^-fi B ITIill^fc 
15 19 1 4 nm, BSOfilJl^fci!) 7nmi:Lt, SEEK 9 0, f&Kff&tt 1 0 

ft 9, 50 O^T'B I TJl©»ft>fk*S?»IBT»#fc. HAIblftfittOfiffjlB 
20 S 03tefi{C*3»t 3— «©ttifc&t!fcf£ffl{J:fc3 fcfeT-fcSo Li6»U XRD £r«ij 
Jfe Lfc^m, 121 5 ( c ) {C^-f «£ 5 tw, BSOirBITt © £ \t f — * #Jft 

£fc #e>tu^:ift<fc*tt-*n«© t y '>^«Wptt*aos& ufc t r. 5. 1217 

25 _hiacO^*(*. B I T - B S OitflSS^KliJ^T, B S OfrMWi^v -J^ji 4 

o^«5, _h«B<7> B S Oife**© Si0 4 4 -B3ffi fleas Si0 6 8 -A ffift^ £ 

m*mit£*t. I»«CS i Sr B -y-^ ^^t>t Lt 3 OK^i-ttf 

Bi 4 (Ti, si) 3 o 12 iriftLt^^r^^t^ut^s, ^ (omm^^tiL-r^>w, 

30 S i <Z>Ktifcft»i4 6*kl£<k-tZ t RU*fc, ^-V^^^O . 0 4 nm*» 
e>0. 0 5 4 nm^tfftt5 s £ ttfj\ S i tt^ ^Ei^TtlU 
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+ fO20GPa b<Dj£mfc?JTX*te^v7x# 4 b ffij&Wtte® tfi L X 
V> <5 (Irif une, T. & Ringwood, A. E. , Phase transformations in subducted 
oceanic crust and buoyancy relationships at depths of 600-800 km in the 
5 mantle. Earth Planet. Sci. Lett. 117, 101-110 (1993)., Surendra, K. S. 
et. al . , Stability of Perovskite (MgSi0 3 ) in the Earth' s Mantle. Science. 
274, 1357-1359 (1996)., Dubrovinsky, L. S. et. al . , Experimental and 
Theoretical identification of a new high-pressure phase of silica. Nature. 
388, 362-365 (1997)) £ t fa b , BIT-BS O f # fcJE ffifc fi 
10 fifcLfcJKfJK-CfcS £ i* *. & it S „ 

z.(D£.o fc*sfcjE»/e;&0>&j#fcttB sotB it t <Dffl<DmBm&m 

15 Ofc}¥ Uo*i-tt^<o(|SA«**:Se{b**S)ffi«|jcfi:**«-iP*^6o BSO 
{* Sio t *s^»«rt**t-e*D , ^(si)©*fc»W«#£:fc# <£tofcfcv*-e 

B SO©?R»l8ffi«[»±«6*-e#S«if/h$ <,BIT©i 
03ft'f£f&£' (Subbarao, E. C. , Ferroelectricity in BiJi 3 0 I2 and Its 
Solid Solutions. Phys. Rev. 122, 804-807 (1961). )L, XWi^ 3 <0 -Y > ?m & 

20 ffl V x (Nagatsuma, K. , Ito, Y. , Jyomura, S. , Takeuchi, H. and Ashida, S. , 
Piezoelectricity, in FERROELECTRICITY AND RELATED PHENOMENA. 4, 167-176 
(Gordon and Breach Science Publishers, London, 1985). Jaffe, B. , Cook, 
W. R. and Jaffe, H. , Non-Perovskite Oxide Piezoelectrics and 
Ferroelectrics, in PIEZOELECTRIC CERAMICS. 70-74 (ACADEMIC PRESS, NEW 

25 YORK, 1971).), B I T tt* ©JfcJK *» fe * EEfcJfc* Jf L C 5 

(Ishiwara, H. , Sato, T. & Sawaoka, Epitaxial growth of strain-free Ge 
films on Si substrates by solid phase epitaxy at ultrahigh pressure. Appl. 
Phys. Lett. 61, 1951-1953 (1992).), &&13LM<D&^frb<Dfc'£)^rfe2%R£. L- 
-CV^i t ti*frt> "bi*, B S OiHrftt:: it 1 2 G P a m%L<Di<z£ &/E^fS:*J # 

30 #*P*tl/5. 

— HI 6 ( b ) oijiicfj/M y f^ftilo?*^ M#w#lSwi-^ D 
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*"T?jEttjE&*w:iii!**n-cu* ?tctb,B i t-b s oi^ (Dm^mtteZL t 

El 5 (b)lC^LfcBSO-B I TteftOXRD/^-yft, HI 5 ( c ) 

5 5^7 h*S*»-e#a. ^(Dt° — t is7 B I T-B S OgSttB I T 

JK*t&36££ : a:*>fc:fi, 20~30GPa © ffi^Jf&^I Sr^P x. 5 fo 6 £ <t 

^5)*l;tV^(J. Haines et al. , Physical Review B, 58(1998)2909-2912; 
J. Haines and J. M. Leger, Physical Review B, 55(1997)11144-11154; B. B. 
10 Karki et al. , Physical Review B, 55 (1997) 3465-3471) „ 

o*9 s B I T-B SOiilli, 0 8i:*tJ;5i^ HtsHblSfclfc^T, 
flPffcBStCW:, B S O (u i 0 B I T*S<SaTfj|§iHi'fkU, j£*pb#k:m:» b s O t B 
I T k<Dffl<DmBm<Dm\,^z£ <9 , Bi 4 (Ti,Si) 3 0 12 (B S O- B I T)B*#tfS 
MS&ZtlZ* S i ^^P^*^ bflt5££r?I>J/&bfcH^ S i 

r ft* ^ fife 5 ^L<c*»ofc**^©l«v^iettas^ C5. 

SIC r 1 ^tt*D B n ^^^i-#s r. ,b ^-^^^f- 

^l7^3df-> K**fltJ&i-£9fcJ(7C» t LTtt. IVi!i5G*'£5frft!Mt4feJt, 

30 H CD <fc 3 *5n*-e t =t < . m*-\Ss 7;^y«I:K, Li, Na, T/l'tfyiffi 
: Ba, Ca. Mg, Sr, III A : Al, B, In, IV M : Si, Ge, Sn, Vl : P. 
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Sb v BU M^ynm : Y, Ti x Zr, Nb, Ta, V, W, 7 1/ 9 J 4 K : La x Ce, Nd # 
OCaHr, 

Hr,C 2 0-Ji-OC 2 Ho + 4H 2 Q 



OH 

HO-s'i-OH + 4C2H5OH 
I 

OH 



(2)2 fl^N»& : 

OH OH OH OH 

HO-Si-OH + HO-Si-OH - HO-Si~0-Ji-OH + HaO 

I I I i 

OH OH OH OH 



mm**- 



OR / 0R\ OR 



nSi(OR).. + nHsO - RO-ii-(/-Ji-0|-li-OR + 2(n-l)ROH 

l I I ) I 

OR \0R4a OR 

10 S„ 

^»AJR*fc03K. i-**>^>Pb C«) <7)tH3SJ»fc LTSW^ ((CH 3 C0 = ) 2 Pb • 
3H 2 0), Ti is) vm&Rftk Uf^rh^^^^^K U(CH,) 
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2 CHO) Ji), Zr (V/U^-VJ*) ©aMfitLt^^^fh^-n-/ 
h*-> K ((CH 3 (CH 2 ) 3 0) 4 Zrh t UT 2-^ l> * ? / (CH 3 0 (CH 2 ) 

2 oh) ij^xmrnTz* 
[g]9te, pzt famm,wnmr*i&m^'V'?^m'm<D&j&7 htfc5 0 

5 i:fB<7Mfc^5U£ fe^T, Si ©ftfc 9 fc Pb, Zr, Ti CO T /V * > F £ fl^B* 
6 PZT 5^^m{*:^^^^/K/^^^^#b^5o 

Z.bkz.£.K>ft?^b i>X% £fc£>, *i\ ^Hzfci UT#^Et"2) (CH 3 C0 2 ) 2 Pb • 
10 3H 2 0 ^(D 3H 2 0 £JtX9*5, -r^^^?§^T-fc«) CH 3 0 (CH 2 ) 2 0Htfc^^*n^ 

^CO^^^itfi, (CH 3 C0 2 ) 2 Pb • 3H 2 0 COT^X-hS (CH 3 C0 2 -) <D~ otfS 2 
h driym h^vS (CH 3 0 (CH 2 ) 2 0-) ^gt^^ofc CH 3 C0 2 PbO (CH 2 ) 2 0CH 3 • 
XH 2 0 (X<0. 5) bf£Z> e ^<DWtm%.fc(Vl%. WESfc (CH 3 C0 2 H) &TJ^l£i CH 3 0 
15 (CH 2 ) 2 0H b (D^XTfr (CH 3 C0 2 (CH 2 ) 2 0CH 3 b 7* (H 2 0)) 5„ 
(CH 3 C0 2 ) 2 Pb • 3H 2 0 + CH 3 0 (CH 2 ) 2 0H — 

CH 3 C0 2 PbO (CH 2 ) 2 0CH 3 • XH 2 0 (X<0. 5) 
XkZL s CH 3 0 (CH 2 ) 2 0Hfc ((CH 3 ) 2 CH0) 4 Ti 5 - b X\ $XT <0 X 5 

20 ((CH 3 ) 2 CH0) Jili, V^n^^r^S ((CH 3 ) 2 CH0-) - £15 5 V MS 

((CH 3 ) 2 CH0) 4 Ti+nCH 3 0 (CH 2 ) 2 0H -+ 

( (CH 3 ) 2 CH0) 4 _Ji (0 (CH 2 ) 2 0CH 3 ) „ (n= 1-4) 

&tz, CH 3 0 (CH 2 ) 2 0HIC (CH 3 (CH 2 ) 3 0) 4 Zr «:*&#-f 5 ^ I^IS fc T ^ 
25 -/^iSS^4f5. 

(CH 3 (CH 2 ) 3 0) 4 Zr + nCH 3 0 (CH 2 ) 2 0H — 

(CH 3 (CH 2 ) 3 0) 4 -„Zr (0 (CH 2 ) 2 0CH 3 ) „ (n=l~4) 
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RO— Ti'-O - O - - OR 

/ \ I 
OR OR OR 

RO^Zr^O-O-Pb-OR 

/ \ I 
OR OR OR 

RO^Ti^O - O - Pb - OR 

/ \ I 

BO 1 0 Ufc BSO ^/VSr^^-f-So 
5 Z,£j3^;vy/vSl^LtWiM»(MODfe) J:#tS*S^fc'5 0 
AJRT/wa df-v h\ «g£i££r h/t^ ^ (C 6 H 5 CH 3 ) j^s/u^ ( 

c b h 4 (ch 3 ) 2 ) fiDWili^i. r ©i&SrS&ncM 

fcl;ttf* SBT»»**«HMfcffl»iSf4iai l ©J: 5 £ LtflJR Lfc, ^fctf> 
iMODSSCiStOTJJbSiS, */UjR^»a[©^^^ = /i'* (-co-) # 

15 ©Offline Sr L"CV» i-/it5*,tt«-&UT^5 t #*.e>tusfe*, * 

_hfEtf>=fc5^ flP3k#»«:fM«i Ltit^S*fc^iH*W^ BIT, 
SBT, PZT»tei;ta*##&fliiJ1»LTfcK*£Hirfc IV ^^^^W^ 

20 %te&.m#A'&ttLk 4s- 5 k-tzmtm 

fcJjUi* n - Zf 9 J — ^ UtS : 0. 8 13) & g£ i: i" 3 Bi 2 Si0 5 (BS0) 
//^^t^R = 0. 4 OS^tfn -^"P^y — (it® : 0. 7 9) £ # 
Wii-SBi 4 Ti 3 0 ia (BIT)y/u^#**:»*^fc 1 fe©*iWWi*?fti:-t"*»'fr» 
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^-Fatfcjfc&as i o w t %T*fcofc kirZ t , ^J&'Mei'^lfcfrLS BSO t BIT 
£ <£>^7 1 y y h/lxCfK BSO: 1 0 0 0 xO . 8 1 3 = 8 1 3 g , BIT : 

1000X0. 79=790g &<£-£tbZ> Z t k ft 5 . ^t, BSO Xt* BIT 
(Dmm^^^tc 1 ^/Wfofc <9 <Dft7-&\Z, t^fiX BSO : 4 4 6 . 0 4 5 5, 
BIT: 9 7 9. 5 6 t» fe -5 P> , * tb^tb CD^- /U* it »± BSO: 1 . 8W!J? 
h/W BIT:0. 8 l^/V/V y h^kteZ> 0 Lfc^oT, # £ L- T R= 
0. 4 cDjl^y/l^/V^ 3 BIT it 1 fcifrbT, BSO #0 . 4 

OJ**-Cjl'&1-5 05-C*>5*»P>, BSO ✓/I'^/HME 1 5 0 m 1 Id BIT V* iVf 
mite* 8 5 0ml ^JD-rtL« J: £: (d S „ 

iie t mm\z.mu uyt 5 m*%^>b l t y^/u** t 1 fis%©B s o 

^/v-^/v^T* ©jtt^*ffc©Aofc*ffl*MB4r* V ->-/v—J*fa(D h'7 7 h 

*3 »3 , B S0©^ffi^iitt^4^ri:^^5 0 £<Z)*S*, Ull 3{d^L 
fc «t 5 id, 9&«i««H&fc##H::£ Uv^roT'fcofc 

OtBI T©* 5/ h !7 — * iSStlS: UT#«T*# ft < ft 9. 121 4 <£> J: 5 *«ifiSr 
f*^PT*# ft < ft-ofcfc&T'fcSo nc»J;5t-> IV JS7n*-&*ftfc*E#»St?^*ffl 

*JfeM 3 

BSO-Bi 4 Ti 3 0 12 (BIT) , BSO— SrBi,Ta 2 0 9 (SBT) » BSO- PbZr 0 . R2 Ti 0 . 48 0 3 (PZT) H 



22 



WO 02/32809 



PCT/JP01/07619 



mnm 2 k \^it&vx .tofr&M&mw uii^ip^t vtc&mnftmm 
m&m bit, sbt\ pzt m& tMyk'Mzzmm \^xmn&tf^T i-tcmm&ttm 

^^/WC^tf 5 BSO f/Wg^mte, BIT, SBT, PZT ^ tb^iXlC^t ^-/^it 
0.33, 0.lHfc. fc*3 % #JK*^yW:Mb#*tt*aj*©t>©*rfliV* 

Pt/Ti/Si0 2 /Si 3E*E±»c ±B5/^y/uj»^»«t^ fc°^=r- hfeK: 
■fctHMrU &T©/*«Mfe#^/ifci*Lfco JK»tt£T lOOnm Lfc„ 

®X h°yn- h (500rpm 1? 5 #(SJ-»4000rpm t? 2 0 #^), (7^^ 
50'C-C2^fHJ v ®i£$EJ5fc 4001CT- 5 #Rfi) O-igXS £ 4 HI 1ft (3 ig 

U lS^"t> (t&Afc) (450-700^, 10#Rfk HtX^RTA) & 

El 1 4 »4\Jb8B:/n-fe;*fc: J; !9?^^LfcM/¥l 0 0 nm©##B I T25.t>** 
|SJOBSO-B I T (R=0. 4) ©XRD/^-y?ilb5 B 
#JSBUICJ: 5 BSO £8s#n Lfc BIT SOO^T* fcJHr (UttSr* Lt. — 

^r, BSO la' V ^ BIT {4 700t; T? "£> BIT <7>-^- — S CI <t {4 ~C 

fle/<^ p ^ nTH(Bi 2 Ti 2 0 7 ) t BIT £ # iftfc LTV* 5 CI i » 

&±*»?>, BJ {C «fc 5 BSO BIT BIT ttfctSELt^l 200 < C<Z5<& 

£ fc, &m bit bso SS*p BIT <9^®4§|gl o fc 

5££> bit »i v 6oo°cxnak i£Usmih^°~ * tf* IL b iT,& vmc % a»a>fc> b T , 
^«^^^fcfll*lS4fcH8T**>ofc©»j:*f U sfcSSW© bsoM bit i±, 

5fe<£> BIT »4/¥£ 5nineiSOT*yW7r ^JS<^^&* s *B*tufc*s,*3SKfc:«t 
£ bso «SAn bit oi|ifit7*n/7 r xMnfefeh * < , A$JfcJ*Sifc*r L-cv* 

fee 

O* 5 , '#515 BIT tf>»£\ 11 1 5 (a ) £ 5 ^> BIT «S*^««J±^ 
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— #36|i!<Z> BSO gsflB BIT tt, 115 ( b ) fcTjk Lfc ct 5 1^, JSfi^TKr© 
7^tl^^fifeUfc^©50CD#® Ufc 4 5 Pt X 

S±t 4 Jim^^ffoTV^fctf), Pt 8lii:©#ffii#iftt-c 5oo#i) 
5 itt% BIT tta*]»H*as»£L-CV*5. «t#(C Pt ^ffitCT*/^ 7 

t>fcV*„ lOMI, 4Rtt, ¥*ffc*iB*r:7*P^-i:*o;fci#j*. 
bthZo &*3* I©Ii(4, 45 Ot t V N 9 &o^fMb/5*i&^ <5 BSO (D^r-H- 

V> (Kijima, T. & Matsunaga, H. Preparation of Bi 4 Ti 3 0 12 Thin film 
on Si (100) Substrate Using Bi 2 Si05 Buffer Layer and Its Electric 
10 Characterization. Jpn. J. Appl. Phys. 37, p5171-5173 (1998) ) „ 

*fc, m 1 6 <D XRD/^-^f^^bfct 5 5 5 0"CT?1 0#fflCD^/&£: 
^jotz. BSO WilN SBR (R= O . 3 3), 4 5 O 'C "T? 1 O #IW*feJ5fc&*? o fc. BSO ASAP 

pzt(r=o . i ) km ut bit t mm\z&&<ki%.&.<o&m&.xfimffi*:7 * P S> 

£BS^£7£/& L, P-V t *x y 5/^Wtt«riWftUfc. 

^c^m, #3SEteJ:* BS0SSJB BIT, SBT, PZT Sfcl^mftif 0Slf4^*i^*b& 
jfccD BIT, SBT, PZT iilMl^tt, 1 5 0- 2 0 0 t;©£<B|£V^jfc 

20 mjek: t> t>-fs si i 7 k: a* t y ->^#+t^tsJ6 e>^fc 0 — 

t£3fc/6><bC9 BIT, SBT, PZT 3fcSS®{fc?*Jglt4, J&i? 10 0 nmt'li, ^ CD £> 

»5>tbfe»««<|*tt»4, 5 0 CC© BSO 8SAP BIT Pr=17ju C/cm 2 , 

25 tnim#Ec=95 kV/cm&T?: L, 6 0 0 *C © BSO SfsflR BIT # , VkmftM Pr=21 m C/cm 2 , 
^CM^ Ec=95 kV/cra L-fc 0 5 5 0 <£> BSO jftftl SBT # Pr= 7 ju C/cm 2 , Ec=50 
kV/cm, 6 O Ot© BSOftsflP SBT 1)> Pr=llju C/cm 2 , Ec=60kV/cm &7jk Lfc„ * fc , 
4 5 Ot© BSO i&ftD PZT 0* Pr=20 u C/cm 2 , Ec=45kV/cm, 5 5 0 X. <D BSO WiM 
PZT *S Pr=25/i C/cm 2 , Ec=38 kV/cm o „ 
30 ±ia«**»6^A»« 4 0 K, *%W(D BSO ^gsAP Lfclfc»«#***H4, «S* 
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&t~, S»«Krf4(Z>ffflli3te**BI 1 8 tea* Lfc c ^ix^tuglApmff 3 V, 
ft 100kHz <Z>^«^^*^S:PP»D Lt 10 10 ls]©5>ffigfe?rtTofc <b i 5 s £T CD 
5 ^i/* t*3V»T,^*|tOttTW: 3 %#T £ #ttte Aft***^ 

•&&*Lfc. rcocitfi, Aft&ttAtt* 3p»*it*ffi, fcv^Aff 
*#iB*f2:J;5t©fc#*.6)*b5. #te, pzt we Pt **±-c«#-f- 5 r. 
fc«Jfti5>^-CV^5*s % #36Wte i5 BSOSStfJP PZT cD$&<g\ BIT t H^te, A#? 

^3§$te is bso^*hbit i^^BiT tfBt^ w ^^itskeifl^ajfisa* 

4. CTV^ r t ft, Pi#0> tem WfEife©«*t J: 9 ^fe^tfcS. 

BIT T'ft, BIT CD c *IItt~32 Atfc ►) , HI 1 9 V>*)V9 <0\%k A < 
15 -icLTV^c H**#l*Ste BITjfl*»fl|jEL< o fctfliif & £ ~ t 

— *$£m<D BSO ?gs3jP BIT ft, BIT CD c Mft^ 3 1 A ifi< *o tV>5 ^ 
fc A^BIT i Jifc!) , EI*8t#lfllte*#o-C*5&-F, g|5#ft 

i:iTCXU*4i:ttJ "9 ,Xt/0»^H: BSO 0 5iA^^*tft«3t« s ?ftIB 
20 T'£5„ Ji*3, BSO O c tt*f4~15A-Cfc 9 , SI 2 0 CD/^/l^ $ k 

UJUb«fc 9 * *3SW t J: 5 BSO gsflD BIT ft, El 2 1 CD Jl o 5t-C$>3 c t a* 
^ofc,rcritt 4 BSO*!B I T©HF*-(ls«rlE3i Ufc c <b oli"CS)5. 
* bte, &&ih<D-fthte, > V -jr— h fcOtfc 9 , r CD 

25 #5ftfc± B h*iE»flS*l»;*:U A#**t6*3S# Lfc. 

m^ltetefl! LTV^^ii Pt S*£t^£te^®#zk¥^0O&cD&^<bcDft 

< ,^cd±§i5(c^^ i,tc.mmm.ftftm^t>&< (DW&tfftte-tz z. k tefc*,, 

B»fiSi-4 tO^-ScUT*ASoTfife*Lo<5ltSr fcttttfe A,^fc< 
30 *«E«l!0«l5^t?«SAfi5E*jiS*Slf 45. BB <©*5ft-r? fc^u 
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^t5: k tt^fe k t£Z> k 5 i**ftto 0 

Sfc, 120(DJ: 9 ***«3t-C*^»i, ffiMVf BSO A, T*^T 

BSO fi, El 2 o [c^-f-J: o id, Bi 2 0 3 Ji i Si0 2 Jf i: ;6^Jl#3£-efc5 0 

^^^-r ^^5>@-r^« (bso a^^i-tui*), bso a* bit ^5s^m#tt«ra^ 

*fc,*3SWK J: 5 Pt/BIT/Pt =*-\- 3 %H 2 &-^ Ufc N 2 * T* 400^ 

i t±, BIT lC33lt S B y-yf h Ti O — £M S > fl&ftQ Lfc BSO * <7> Si -CS&^tb, 
bit o*WH*^ft*S3ft*ofc: <b ffiBttx.^, B hgifc&tfBSO k 

(Dmw-^m^, bit <d c ttA^aE-fbufct^i^i&^s. 

#36WK.fc S BSO k BIT ©@i$fl5:?*J8Ste, Si *^trr <h ^Mflfc/jJgE 

*i<t<pT*Shfe.-»K Si 3£SA»fc^*o Si TciHASIftWmtfJBIf t4£«fc 
tci; (9 rSAUfcig-^, c tUS if ^ttlA IT < <b , ffiUfc Si tf* y - * 

mm&wm uyt si pt t si 3£*feo**'i4«rift-b**5fc«>^ 

JV * 200nm eaFOSttSfe-fk Si0 2 flgT-Sig W SiO a ffltli^Hf 1^35 36 "C* 5 o ^ 

Kfmlttk LT<5^t teMT-fcSo ^{Cflfe* BIT #EJ&SJg TOO'C 

-e *> a # , ^mn^nm^^n si tt*£t!fcu-cv*fcv^ r. k r^^So 

ifefc, #3Slf?»£ J: S BSO £ BIT ©HJS £*0 Si <SrfflSt>ic:-£A;-C 
ticL/c fctf>T-fi&< , BSO Si Ti^^fJ-J; t>GOT?fc o, :c 
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bit-bso mfetemmRtf bit- Bi i si 3 o l2 mmfcmm(D!ft-\±ft,m 

10 MM%m!S.<D BIT i/A'y/MgiftlCfcf 10MS%*^^ Bi 4 Si 3 0 12 ^/K/ 
/Wg*K& R=0. 33 <DW&-(?%-&'&t>1t1t.t&&1fci0i* BIT- Bi 4 Si 3 0 12 @j£ft7£/& 

Pt/Ti/Si0 2 /Si g*5±(c, ±IEy/u^/H»*«r^ tr^n- hjfeT?fc*i 
JUT J: 5, &^®#«£J9II5 lOOnm T'?f£j£Lfc 0 

®Xfc°>-=i- h (500rpmX* 53p>FBJ — 4000rpm-C 2 0 # NJ h ® ft * , 
150 t CT*2^|HJ > ®4S« (**L*K 400^C-C5$>rW) <£-iiX*I£ 4 HIM 5 5£ 
^vn-t, ©®£j# (iAft) (eoot, 10 #fB], il^toRTA) £?to 

r <DH#<D XRD 2 3 tCiSi". ±ia^*!II^J-Cf^S!lbfc R=0 . 4 CD 

BIT + BSO. t£3fe<D BIT <D XRD /< * — £ ffl V> T tbtft L fc Q /«£fc\ *ISK^«tS 
Bi 4 Si,0 11 tR*P BIT BIT+BSO 6 OOttU BIT |± 7 

o oti: Ufco 

#»BflK:.fcS Bi 4 Si 3 0 l2 M BIT RXf BIT + BSO (DWs^ , BIT t Jfctfc L 

T^TO fc° — ^ h UT*3 19 % Bi 4 Si 3 0 12 ^An BIT Xt* BIT+BSO 

tirAtt BIT £ Ms |K LT*SA^tt# 8 % (2%X 2%X 2%) £ tbT 

i"CfcJ»***Ufc Sn0 2 ,GeO a *OH5tB.T^*5^5EElN&3ltK«**(B. B. Karki 
et al. , Physical Review B, "Ab initio studies of high-pressure structural 
transformations in silica" 55(1997) p3465-347l: J. Haines et al. , 
Physical Review B, "Phase transitions in ruthenium dioxide up to 40 GPa: 
Mechanisum for the rutile-to-f luorite phase transformation and a model 
for the high-pressure behavior of stishovite Si0 2 " 48(1993) pl3344-13350 : 
J. Haines et al. , Physical Review B, "X-ray diffraction study of the 
high-pressure: Relationships between structure types and implications 
for other rutile-type dioxides" 55(1997) plll44-11154) ) fe * 
ffegkOfcffitf 8 %MJE«8£*u5K:ra\R£#fc 2 5 ~ 3 OGPa (Dfe%§lfct)& 
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Bi 4 Si 3 0 12 ^3UP BITOt^f 'J i/Xm&ZmfeVtck BIT+BS0[C 

Bi 4 Si 3 0 12 ^P BIT©fflU$»WttSrWflB L-fc i CI <E> , 10 10 [I] CD$>$gR$5 1~ V"> T . 

±34 L fc^fcfll jo V^T ^ AfcA&tfft) 200^(6 « L fc> tt » Bi 2 Si0 5 (BS0) 
O&iSMbffij*** 400*Ct{£< ,tS>0 BSO #HP * © B i Kit AB0 3 fc6 

V n (Bi 2 0 2 ) 2+ (A„_ 1 B re 0 3B+1 ) 2 'fr b/i5MH^n^*^ hST/^^^^e^ 

f-y^^ft»<ci»», bso *ffiM,mt lt»w«#^ej hAwx-* 

Si-0 f4#*rJ|g'&«i#t§K , Si ttA*5E*T*ttfcl*fia»!J ?K 
-C-fcSiS, Ti 4+ (D 0. 75Afc*H, Si 4+ fi 0.26Ai:*#^/h* Weft, Si 4 "$r B 

SftKltt lOOnmPt Si KJg&JSV^ Bi 4 Ge 3 0 12 £ 16%-&tf Bi 4 Ti 3 0 l2 >OV>r* 

lOOnm -Ci$JRJi2j& bfco 

fc° X =r — h (500rpm "C 5 #ffl-*4000rpm T*2 O #>W) , ©i£*£ . 
150"C-C 2#!W, SHKJJfefifc (*^<K 4001C-C5^ffi) 0-ifiXm?r4E]^!9ag 
U tttoT, (Dl&Efc (feflfffc) (550*C, 30 titfCRTA) «rtfo 
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R MAX te 2.001nm T'fc <0 , it£ Ra fi 1. 5022nm <b fc ft 

Pt _t«S***r?&jftU ±ffi Pt £T£R Pt £fflv^, ^MS^fc £S 

lOOnm © Bi 4 Ge,0 lt -Bi 4 Ti,0 I1 »»«i* : »*©3ft«*W*®ff* l '* r ^ o;fe - 
5 ^©Ml^l 2 4 fc^l", D-E t^ry v^!|#l<fete> Pr=19// C/cm 2 t &UX'1b 

gE^tt&WffiLfc * ©IS* & HI 2 5 fc^i"o 10 10 III co#*&S*£ to 

10 fc, Ge 4+ fcfc, Si 4i i; IKUlfc B ^4 h <Y * ^§&CO$J jfl: * 6 - 

fci5^^ofc„ t£oT, Bi 2 Si0 5 fwHHfc, Bi 2 Ge0 5 Sr^B V* 5 £ i: "P* £ . 
Bi 2 Si0 5 (BS0) t Bi 4 Ti 3 0 12 (BIT)&t>* Bi 2 Si0 5 (BS0) t SrBi 2 Ta 2 0 8 (SBT) t COS^ft: 
n-yayV-z^MitS LSO /l"? /Vjgttfc R=0. 4 »Lfc BIT &T>* 
R=0. 33 &S#P Lfc SBT 25nm, 50nra, lOOnm fflWC* * > 3 - H * 

15 t±D3MtLfc. 

BSO «r R=0. 4j£ftn Lfc Bi 3 . 2S La 0 . 7S Ti 3 0 l2 (BLT) //^^Srl V^T, 
JBIJqC lOnm Oj@jS¥^'fb«rl^0#(- ; fTofc o 

®^t°^=>-K (500rpm -C 5#Ba-»4000rpm "C 20 ©^.^ C*^.*, 

20 i5ot:-c2#Pfl, 4oo"Ct?5^iw) ©-hs^ 4 mm <o m 

U »V*T\ ©#ej& (Jlfcftte) (BIT:550°C, SBT : 600<C, 10 #IBK Sfc§£ * 
CO R T A) fc^Tofc 

jjgflL 25nm <Z5 4§^(± 1 |o]fe 9 , UUff 50nm 2 Eljfe ■? , flUff lOOnm COi# 

•g-fi 4 mm 9 fcffofc. 10nmBLTl*l»E©#'g\ j&»-ofc*f P*0 111*5 

25 7000 EHEfcKJEUr^aiLfc. 

$SttT, ±1HSt*«i:W«lC, ±§15 Pt t« (100m m«) ^r^^U, P-E t 
y i/^WtttMLfc. El 2 6 Rt/H 2 7 tc^ Lfc «fc 5 fc, t * ^ 

M 2 6 Lti 5 fc. 500kV/cm * m in L B£ CO fc x ^ y 

30 ->*#tt!± BIT C0i#^, Pr=15~18M C/cm 2 , Ec=~ lOOkV/cm, SBTCO^, Pr= 
-11 u C/cm 2 , Ec=60~70kV/cm i Aff 4-S*Jlt fc. 
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*fc,BB 2 7 M^i-J; 5 Id^fftlcPn^JDmff^lfofcii-a-.MJi: 100nm,50nm, 
25nmtd^U, ^tb^'tbtnimGEfi, BIT ©^jt^, IV, 0.5V, 0.25V, SBT C9$§-h*, 
0.7V, 0.35V, 0.2V t HUff I' 55 # tfctfll L T L T ^ 6 31 t^^^6 0 

•fcfc, lOnmBSO-BLT CD t ^ ^ U i/^WttfeBB 2 8 (d^-f 0 PP*n*£E 0. 5V X 
gSfPUT*5«9, Pr=16M C/cm 2 , Ec=100kV/cm, 0.7V PPM&X Pr=17 C/cm\ 
Ec=120kV/cm Lfc 0 o ;£ 9 , J¥ £ lOnm (7) BS0-BLT ^fflV^SH^T?, 0.5V 

# , Mbit ^ 7 ^Oifc^aHb* * y ©fc»03ftfl«<*:ifilllM* s ^ bthZo 

BIT y/V-ir LS0 & R=0. 2 gs^IP U sl'Wfc * , $ b K 

-e r frh BS0 ^/U-SrSSflP UT,R=0. 2(BS0=0) ,R=0. 4(BS0=0. 2),R=0. 8(BSO=0.6), 
R=l. 6 (BS0=1. 4), R=3. 2 <BS0=3. 0) t 5iS®i^y;vy/l'i)SI:MW: 1 

Pt/Ti/Si0 2 /Si 36«±tc, JiM'&j'^A'fcttfc/B^-c, ^T©fifc«*# 
let?), ^ J: >5 3&^m#»JK£Mj£Lfc„ 

Sfed&AflM* 500*0, 10#Mfc L , JilJ¥f±-£:T 100nm t Ufc D 

(D* \f l/zi — Y (500rpm X 5 50>|H]-»4OOOrpm X 2 0?>fclh <2)Hutik (^Stf » 
150°CT*2 5>^> (DWfifc 400 , C-C5#M) CO — diX^^r 4iit)I 

L, «EV*T\ ®mf& (*&*fc) (500, 600, 7001C, 10 lfc^*T*©RT 

A) SrtTofCo 

R=0. 4 (BS0=0.2) CO BIT^CO XRD s< * — V 14 , El 2 9 ^ L 7h <fc ? (CI , 

500 o C-CMs!Mfc£-ti:fc 5mmcO BIT * Y * © t * ^ U HI 3 

0 IC^-T J: 5 (C, R ©**KKHs«il Lt Pr tfSfcft^-f-aaeteS:** Ufc 0 
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atiti t##v> 0 fc-£fce>. <&w§m# o tj*fi«*as/h* 

-^^Wi<om%, bso fos vms lso &ikffim&\zmi)\\ u 

"C £ T V^fc RH & t h ZMfc-T % - t ft T? t 0 

^^BUR***©*^***]!!*-^ R=1.6 *"C BSO, LSO SrflsiP LX 

3 fete, R=3.2h fc£ ftofctfttt, 5SlH4C^%^b 

ft< ^ofct©(D ( tbfj***Sj|ft 200 ©HSftfclKi: fco-CloSr tA5^*>S 0 

BSO, LSO £^#n Ec RXf Pr trttE^tttcWW-f 5 - 

tftX'%, Z.<DZ t fiH^^^^^bfcSESOf-efeSo 

JfcK, PZT (Zr/Ti=5 2/4 8MC>tf U BSO £ R=0 . 0 2 5 , 0. 0 5, 
0. 1, 0. 2 ^**PUfc»'fr©lft»l«f*:»tt«r«J6U)t. 

®^ t°^=r— h (500rpm *e 5 g>IW-»4000rpm t? 2 0#fB1), 
150°CT*2#^> (DMfifc 400t:-C5#IHJ) ©-IIllr4 0^!5iS 

UBUffSr 1 0 0 nm^ Lfc Q (Sfftte) (500^C, 15 #181, 1 

kg/cm 2 ^5(l^ t'CRT A) Sr^Tofc. ±flJ 6 &mi&$:?!2/& L , 

h7s-^ (500t, 5 ftffl. 1 kg/cm 2 3?Jl£ 2 kg/ cm 2 tt'lORTA) Sr^T 

El 3 1 t^Lfc XRD — ^ <t IP , ;b-f R= 0 . 0 2 5 <D BSO CO^JPT-S 
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t*^ V 5/**H4as, HI 3 20i5Wtl8t^fe. d <d - k tt pzt bso jS* 

3 0 0ti BSO &*£Alb £ -tiri* fc::frmric:»• 

x%k&mm,&(oi%&, bso tp© Bi.o,** 5 *©**^^^^** 5 ** 

(D PZT CO 

A^o Al?-^ bfc Bi S:*A-*-*»5 3ftS#*t?*>S- 7*/v7 7 ^M> 
x.if ttM^flt^^tttfc D , PZT «r»««jm*SA^$*5«*tt+ 

*3t*«K:i8V^tt, #«»«IE«Jfti:tt*!MI«#©BlT, SBT&tfPZTt 

© ® m w n mm j* * n o fc . 

*U bfco &£Pt/Ti/Si0 2 /Si£«J3V^ ±|Ey/vy^*«Sr 

^T&TOJSfclBIA'frfcl.J: 5 > * fyn- b&TrMriS 20nm (Ojf^^^^U 
fc 0 ^iXJett^a-fr^/VHS** BIT # R=0.4, SBT # R=0.33 n PZT & R=0. 2 fc U 

®*fc°^=J-h (500rpm T- 5 5^|BJ— 4000rpm -C 20 #B9), (t^^ 3 , 
150 t C-C2^fW, <§MR«&& (*»4>, 400TCT-5»M) O-iglS*: 4 9 iS 
LJffiflPl 0 0 nm k Ufc. ^V>T, ©« (ttAfc) (600«C. 15 #IBk 1 kg/cm 2 

(500<C S 5#KL lkg/cm'X^kg/cm'Ife^-CWRTA) £*Tofe 0 
- (DB#, »fe^fe*«ltt^-C«IJf: 70nm ©#SAJ«t?* 5 . |g]3 3 ~E! 3 5 id 
* U A» * m^tt £ * b fee 
USE 03 5 
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5 m*%?t]gc£> bst //vy;^isii^L > o. i m&%mi&<D bso s/usf/um 
m% R=Q.2<Dm&x*m&\^.M>'&n&k Lti.mz. pt/Ti/sio 2 /si^&&Jsw 

20nm C0^)l^$r^^ibfc: o 

5 Lmvsmitnmmj&jkm 

®* t°>- =i — h (500rpm "C 5 #^-»6500rpm T'2 0 #IWh (:*:&** 
150'C-C- 2#{Bh ®<k»sj* C***, 400 , C-e5^M) U «EV^ ©« (& 
A4fc) (600*0, 15 lkg/cm ! ii^t©RTA) fcfi^, JigPfi&m^ 

CD H7 = -;V (5000, 5 #fSK 1 kg/cm 2 ttX f» t'© R 

10 TA) £rflofc 0 

dCDH#. W&ftfcJftJJE 20nm AM fc o T 5 £ fc 

*5*»-C?* % m^^ttttia 3 6 © i ^ T*fcofc 0 tt;fim*W:*& 600 t'W^M 

2 B12223 /^^H^il'^t^ 0.3 lI 0 /otS© BSO 

(D^bTya- h (500rpra "C 5 ^RB-^OOOrpm t20 , (^^. c t 3 > 

20 150«CT?2^M, ®<&mi& 400^ 5 ^M) U «V*T, (SS 

A-ffc) (700O, l^W, lkg/cm ! li^T'ORTA) £*TV^ Jz^fi^m^^r 
^T^©*"* hT~~A- (500O, 5 #|MJ % lkg/cm J Bli*t'(DRT 
A) ^r^Tofdo 

r©B#, mbthtcmm 15nm 0*«f±, SI 3 7 (C^-TJ; 5 f- B12223 
25 b ft ABUT? fcofc. 

BST tt&Ufctt DRAM <£> Si0 2 lCttfr£y- h «t <b J* *t iN" ^ UT»!#£*U, ^ 
10 *FgJL±W^u^^^ btVT # (Kazuhide Abe and Shuichi Komatsu, Jpn. J. 
Appl. Phys. , 33 (1994) 5297-5300) Ba 0 . B Sr 0 . 5 Ti0 3 (BST) ^ o -f * # 4 hW.fc 
mmmtm&V Bi 2 Sr 2 Ca 2 Cu 3 0 x (Bi2223)@^^S?^^W^{'^VNXtt, @#Efe 
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nmm 6 

13 3 8 (a) IZtj* Lfc J: 5 ^> It 1.8nraff<7>r^-^^ 7* Si 3 N,$ 

JgUflLtt 150nm t Ufc„ 

^tL^-etn#^, BiTy/w^/w^^t bso ^/^f/ismwLb (Dm^mw. (r= 

0. 4)2:, ®* tr^ = — h (500rpm X* 5 #r B 1->4000rpm T* 2 0 f)?m) , ©%t$i 
(^C^*, 150 < CT*2#RSK (S><£^/£ C*^*, 400t:T-5 5>^) CD~iSXfl€r 
3|H#<9j£U ®m& (fe&ib) (5001C, 30 #f8K 1 kg/cm 2 

t*©RTA) £?rV^ ±f[5e^m^i^^^bfe 0 

mtbthtc BIT-BSO *£!,#J8m, El 3 9 \Z.7F-r £ 5 ftfctffi.ttS:^ 

140 i-^-r ± 9 ft^-r a-— Kfttt^wbttfc. 

3£*Rt LX S*S»fk««:l»*b^¥*Sift Si (10 0) &&&,fflv\ 
*©_kH: SBT ^jurAstomk BSO yW^/Hgjfct £>j!l-£*g*£ (R=0. 3 3 ) £ 
©Xtf^n— b (500rpm -C- 5^P B 1-»4000rpm t?2 0#^), (*^.^ 
150tT?2#IW, (IMRBfe/* 400*C-C5^M) ®-itXS«r 3 9 SB 

U ffiSV^T, ©j&f£ (ttJMt) (600^C, 30#fUh lkg/ci ! ti1 5 t5)RT A) 

^T*. 138 (b) KlsSi" X ? t£ Al/BSO-SBT/Si h 9 VS?* * *f£4ft 

f- ; D R AM^MM 1 cm**s<*/9 * *4 ^Xtt^jSft 

<9 . MFMI S-FET, MF S - F E Tf Htf fflt?) I i 5. 

igft:, GaAs, ZnSe Pt * 7 

r^7»L MgO m%s SrTi0 3 , BaTiO,. # 9 * at**©********** 
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tvS^m^c0W^|-T'fetb{i^t-I5Sfe^tbS 1 b^-C*li^< . Pt. Ir, Au x Al, Ru 

5 mv&mx\*&&. iro 2 , ruo 2 mombmm'mfc, tin, t 3 n m<Dmtmmm 
ftm<n#mmx\ttmmifimtf ktiz. «*.r* 1 00-20 

0 nm«fl?##tf feiT/S. 

sio 2 , si,N 4 ± fcjjs-e* So ig*jf 

/w ^^^4»©i*6»jftiA«3i s P»f fetus, rttfewf WJltt* #Hfeflsi!fc* cv 

mocvd&u v—F-Tzfuj v?a ^ife, x/<^Sifoa**ft-e»^t5: 
t a* -e # 5 . 
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